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Abstract 
This paper reports on a new fabricated sensor for rapid and ultrahigh sensing of gamma-ray (-ray) radiation based on a new 
nanostructure of columnar graphene oxide grown on Platinum/n-type Silicon (Pt/n-Si) substrate which gives a Schottky rectifier 
response with different threshold voltages. The diodes were exposed to a range of -ray irradiations (5 − 35 KG) and a change 
in terminal voltages before and after radiation were measured accordingly. The sensitivity was predicted to be (2 mA/KG) over a 
wide detection range, which is higher than the state-of-the-art radiation sensor devices. Moreover, the proposed sensor operates 
on low power, isotropic (i.e., independent of the radiation exposure angle), easy to fabricate, can operate wirelessly, and can be 
seamlessly integrated in wearable detection devices for ultrahigh sensitivity online monitoring of -ray radiations.  
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Detecting small doses of radiation in the environment is critical for communities living close to nuclear plants or 
in the event of nuclear disasters with International Nuclear Event Scale (INES) of 5 or more, e.g., Fukushima (2011), 
Chernobyl (1986), and Three Mile Island reactor (1979). With more than 498 power reactors currently operating or 
under construction in 30 countries [1], accompanied by the unsolved problem of post-process storage of nuclear 
wastes and reliable controlling of potential environmentally induced leakages, there is an urgent need for relatively 
cheap and simple to used sensor of a wide range of radiation doses [2].   
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1.1. Motivation 
Nanostructured materials on MEMS integrated devices could replace most current conventional radiation sensors, 
the majority of which rely mainly on lattice defects in single crystal silicon structures that are induced by irradiation 
[3]. These defects are detected through resistance or capacitance changes. The current techniques, however, have 
substantial drawbacks:  
• Limited sensitivity. 
• Limited detection range (efficient at high doses of 60 KG or more). 
• High probability of error. 
• Limited efficacy (i.e., one-time usage). 
Increasing surface to volume ratio and increasing material’s selectivity could potentially overcome the limited 
detection range and low sensitivity of conventional bulk capacitive radiation sensors. In this paper we propose a 
direct, simple, cheap, highly isotropic, wide range, and ultrahigh sensitive radiation sensor. The sensor is based on a 
symmetric 3D nanostructured array of Graphene Oxide (GO) grown on platinum/n-Si substrate. The structure acts as 
nanostructured schottky diode semiconductor (GO)/metal on semiconductor junction.  with high surface to volume 
ratio  The device’s responses were then obtained under different gamma-ray dosages using a Co60 source ranging 
from 5-35 kG. Sensitivity of up to 800 nF/G can be achieved using the nanostructured electrodes as compared to the 
conventional bulk MEMS capacitor electrodes, a factor of 8 x 105. 
1.2. Sensor Structure 
To overcome these drawbacks we implemented a Schottky barrier selective gamma-photon sensitive 
nanostructure based on columnar shaped graphene oxide (GO) electrodes on top of Pt/n-Si substrate (see Fig. 1). 
The nanostructured GO electrodes result in high surface to volume ratio as compared to bulk capacitor electrodes, 
which consequently leads in increased sensitivity as a result of alterations in the Schottky rectifier threshold voltage 















Fig. 1. SEM top-view showing columnar GO grown on top of Pt/n-Si substrate. 
1.3. Principle of Operation 
The sensing principle of operation is based on creating nanostructured GO/metal (Pt)/semiconductor junction. In 
this junction the work function (i.e., the work required to bring an electron from the Fermi level of the material to 
the vacuum level) of the metal is greater than that of the semiconductor which results in higher Fermi level in 
semiconductor than that of metal. As a result, the electrons in the semiconductor region have higher energy than 
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those in the metal region. When the junction established, the electron from the semiconductor cross over to the metal 
until the Fermi levels aligned. The migration of electrons from the semiconductor to the metal leaves behind ionized 
donors as fixed positive charges creating a depletion layer. Therefore, the depletion of electrons near the interface 
produces an upward band bending near the surface [3,4].  As the junctions are gamma-irradiated, free electrons are 
generated in the semiconductor, which can be considered as another way to induce doping in semiconductor by 
irradiation. The effect of increasing doping in the semiconductor reduces the depletion layer which results in passing 
more electrons from the semiconductor region to the metal. This can be detected as a change in the I-V characteristic 
curves before and after irradiation and increase in the current flowing in the circuit in direct relationship to the 
gamma-irradiation dosage. 
2. Experimental Procedure 
2.1. Fabrication Process 
Atomic Layer Depostion (ALD) of thin platinum layer (~43 nm thickness) on n-type silicon substrate (ρ = 1-30 
Ω.cm) was performed at 250°C by using Cambridge NanoTech Savannah ALD deposition system. The precursor 
used was Trimethyl(methylcyclopentadienyl)platinum(IV) with high purity O2 used as an oxidizing agent. Low 
number of cycles and low temperature result in forming Pt nanoparticles on top of the n-type silicon substrate 














Fig. 2. SEM top-view showing nanostructured platinum. 
 The platinum layer act as a catalyst for growth of graphene oxide in Plasma Enhanced Chemical Vapor 
Deposition (PECVD)  (Oxford Instruments, PlasmaLab 100 PECVD System) at 600°C in CH4 rich environment 
under a combination of low and high frequency plasma powers. The resulting structure is a thin film columnar 
shaped GO structure as was shown in Fig. 1 which high surface to volume ratio. X-ray photoelectron spectroscopy 
(XPS) was then performed to verify the GO structure and verify the O2 content and band gap of the resulting 
nanostructure.  
2.2. Testing Procedure 
All the fabricated samples were subsequently irradiated with -ray from cobalt 60 (Co60) source; the irradiation 
dosages are adjusted through the exposure times at an approximate rate of 25 min per 1 KG. Example radiation 
doses are listed in Table.1.  The samples were connected according to the circuit show in Fig. 3 and the I-V 
characteristics for different samples were measured using the 4156C high precision semiconductor parameter 
analyzer before and after irradiation. All samples are irradiated with 5 KG dose, then measuring the IV characteristic 
and re-irradiated with another 5KG dose. This process is repeated for 5 times up to cumulative dose of 35KG. 
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Table 1. An example of radiation doses for different samples. 
Device ID Layers Direct Radiation 
Does (KG) 
Subsequent Repeated 
Radiation Dose (KG) 
Total Cumulative 
Dose (KG) 
Device 1 GO/Pt/n-Si 5 5 35 
Device 2 Pt/n-Si 5 5 35 
Device 3 Pt/SiN/n-Si 5 5 35 





















Fig. 3. Schematic of the device under test and the testing circuit. 
3. Results and Discussion 
Fig. 4 shows the forward current versus input voltage characteristics for first sample both unexposed sample and 
exposed sample by 5 and 10 KG of the fabricated sensor. Fig. 5 represents the same parameter as figure three for the 
sample number two. Fig. 6 shows the IV characteristics at different gamma photon irradiation doses for thethird 
sensor. Whereas the sample four IV curve is presented in Fig 7. The sensor’s sensitivity represented by the curve in 
Fig. 8. The obtained results showed a functional radiation sensor operating with high efficiency over a wide 
detection range. 
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Fig. 4. I-V characteristic for exposed samples with gamma photons 
with doses from 2KG to 20KG in 2KG step (Device 1). 
Fig. 5. I-V characteristic for exposed samples with gamma photons 




Fig. 6. I-V characteristic for exposed samples with gamma photons 
with doses from 1KG to 30KG (Device 3). 
 Fig. 7. Photographs and pictures must be of I-V 
characteristic for exposed samples with gamma photons with doses 
from 0KG to 10KG in 5KG step (Device 4).   
   
 
 










                                         Fig. 8. Sensitivity of the sensor as forward current change vs. dose rate. 
4. Conclusions 
In this paper, an efficient method to fabricate columnar GO nanostructure on Pt/n-Si substrate for ultrahigh 
sensitive detection of gamma-ray is reported.  As the GO/Pt/n-Si schottky diode junctions are gamma-irradiated, 
free electrons are generated in the semiconductor, which reduces the depletion layer and results in passing more 
electrons from the semiconductor region to the metal. This can be detected as a change in the I-V characteristic 
curves before and after irradiation and increase in the current flowing in the circuit in direct relationship to the 
gamma-irradiation dosage. The nanostructured electrodes result in high surface to volume ratio as compared to bulk 
electrodes, which consequently leads in increased change in response as a result of alterations in the depletion layer. 
The diodes were exposed to a range of -ray irradiations (5 − 35 KG) and a change in terminal voltages before and 
after radiation were measured accordingly. The sensitivity was predicted to be (2 mA/KG) over a wide detection 
range, which is higher than the state-of-the-art radiation sensor devices. Moreover, the proposed sensor operates on 
low power, isotropic (i.e., independent of the radiation exposure angle), easy to fabricate, can operate wirelessly, 
and can be seamlessly integrated in wearable detection devices for ultrahigh sensitivity online monitoring of -ray 
radiations.  
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